ABSTRACT This document provides clinical recommendations for treatment of chronic obstructive pulmonary disease (COPD) exacerbations.
Introduction
The chronic and progressive course of chronic obstructive pulmonary disease (COPD) is often punctuated by "exacerbations", defined clinically as episodes of increasing respiratory symptoms, particularly dyspnoea, cough and sputum production, and increased sputum purulence. COPD exacerbations have a negative impact on the quality of life of patients with COPD [1, 2] , accelerate disease progression, and can result in hospital admissions and death [3, 4] .
Evidence-based clinical practice guidelines have been developed by other organisations that recommend inhaled bronchodilator therapy for patients having a COPD exacerbation, as well as supplemental oxygen for hypoxaemic patients [5] . They also make recommendations related to systemic steroids, antibiotic therapy, noninvasive mechanical ventilation (NIV) and home-based management. The purpose of our guidelines is to update the latter recommendations and to address specific questions regarding the treatment of COPD exacerbations that are not answered by existing guidelines. For the following six questions, we employed a systematic review of the literature followed by the Grading of Recommendations Assessment, Development and Evaluation (GRADE) approach to develop treatment recommendations. 1) Should oral corticosteroids be used to treat ambulatory patients who are having a COPD exacerbation?
2) Should antibiotics be used to treat ambulatory patients who are having a COPD exacerbation?
3) Should intravenous or oral corticosteroids be used to treat patients who are hospitalised with a COPD exacerbation?
4) Should NIV be used in patients who are hospitalised with a COPD exacerbation associated with acute or acute-on-chronic respiratory failure?
5) Should a home-based management programme (hospital-at-home) be implemented in patients with COPD exacerbations?
6) Should pulmonary rehabilitation be implemented in patients hospitalised with a COPD exacerbation?
The target audience of this guideline is specialists in respiratory medicine who manage adults with COPD. General internists, primary care physicians, emergency medicine clinicians, other healthcare professionals and policy makers may also benefit from these guidelines. These guidelines provide the basis for rational decisions in the treatment of COPD exacerbations. Clinicians, patients, third-party payers, stakeholders or the courts should never view the recommendations contained in these guidelines as dictates. Though evidence-based guidelines can summarise the best available evidence regarding the effects of an intervention in a given patient population, they cannot take into account all of the unique clinical circumstances that may arise when managing a patient.
While the focus of this guideline is the treatment of COPD exacerbations, the Task Force has also provided a narrative review in the online supplement that answers the following complementary questions. What is the optimal approach to diagnose a COPD exacerbation? What are the conditions to include in the differential diagnosis? What tests are required to assess the severity of a COPD exacerbation? How should a patient be followed during recovery from a COPD exacerbation?
Methods

Group composition
The Task Force co-chairs ( J.A. Wedzicha and J.A. Krishnan) were selected by the European Respiratory Society (ERS) and American Thoracic Society (ATS). They led all aspects of project management and selected the panellists, which included 11 clinicians with experience in COPD management and research.
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In addition, there were two methodologists (T. Tonia and D. Rigau) and a clinician-methodologist (K.C. Wilson). The lead methodologist (T. Tonia) identified and collected the evidence, performed the evidence syntheses, constructed the evidence profiles, and ensured that all the methodological requirements were met, with assistance from the other methodologists. The co-chairs and panellists discussed the evidence and formulated the recommendations; the methodologists did not participate in the development of recommendations. All panel members were required to disclose their conflicts of interest. At least 50% of the co-chairs and 50% of the panel were required to be free from conflicts of interest. Individuals with potential conflicts of interest took part in the discussions about the evidence but did not participate in the formulation of recommendations.
Formulation of questions
Task Force members compiled a list of issues that they considered important and relevant to the treatment of COPD exacerbations. The questions were rephrased by the lead methodologist using the PICO (Population, Intervention, Comparator and Outcomes) format [6] . Discussion and consensus among the co-chairs and panellists was used to identify the six questions that would be addressed in the guideline.
Rating the importance of outcomes
After choosing the questions, the Task Force identified outcomes that they considered relevant to each question. They rated the importance of each outcome using a scale from 1 to 9 (a rating of 1-3 was assigned to outcomes of low importance for decision-making, 4-6 to outcomes important for decision-making and 7-9 to outcomes critically important for decision-making). A teleconference was convened during which the ratings were discussed and some additional outcomes were rated. At the conclusion of the teleconference, all outcomes were categorised as "not important", "important" or "critical" for decision-making.
Literature searches
Our literature searches used the National Institute of Health and Clinical Excellence (NICE) guidelines as a starting point [5, 7] . For questions that were addressed in the 2004 NICE guidelines, we conducted literature searches in Medline, Embase and the Cochrane Database of Systematic Reviews beginning in 2003. For questions that were addressed in the 2010 NICE guidelines, we conducted literature searches in the same databases beginning in 2009. Initial searches were conducted in January 2012, and then updated in June 2012, February 2013 and September 2015. We used the same or similar search strategies as those used by NICE. To search Embase and Medline, we searched only the English-speaking literature using the search strategy shown in the online supplement, whereas to search the Cochrane Database of Systematic Reviews, we used the search term "chronic obstructive pulmonary disease".
Study selection
The lead methodologist screened the titles and abstracts of the retrieved studies, and excluded studies on the basis of the pre-defined study selection criteria shown in the online supplement. For those studies that could not be excluded by the title and abstract, we obtained the full text of the articles and then included or excluded the studies on the basis of our full text review. In cases of uncertainty, the opinions of the co-chairs and panellists were obtained and decisions were reached by discussion and consensus. We also screened the reference lists from recent and systematic reviews to ensure that our literature review had not missed relevant studies.
Evidence synthesis
Study characteristics, types of participants, interventions, the outcomes measured and results were extracted from each study. If the data were amenable to pooling, effects were estimated via meta-analysis using Review Manager (version 5.3; The Nordic Cochrane Centre, Copenhagen, Denmark). For the meta-analyses, the random effects model was utilised unless otherwise specified. Dichotomous outcomes were reported as relative risks and continuous outcomes were reported as mean differences unless otherwise specified. The lead methodologist appraised the quality of evidence using the GRADE approach [8] .
The lead methodologist used GRADEpro (McMaster University, Hamilton, ON, Canada) to develop evidence profiles that summarised the findings for each outcome and the rationale for the quality of evidence appraisal. Thresholds for clinically important changes (used to judge imprecision) included the following relative risk reductions: mortality 15%, exacerbations 20%, hospitalisations 20%, treatment failure 20% and adverse events 15%. They also included the following absolute reductions: a St George's Respiratory Questionnaire score change of 4 points and a forced expiratory volume in 1 s (FEV1) change of 100 mL. The thresholds for clinically important relative risk reductions were based upon the Task Force's collective clinical experience and, for consistency, were chosen to be similar to the thresholds used to develop the NICE guidelines on COPD [7] . The thresholds for clinically important absolute risk reductions were based upon published literature [9] .
Formulating and grading recommendations
The evidence profiles were sent to the Task Force members for review. Using an iterative consensus process conducted face to face, via teleconference and via email, recommendations were formulated on the basis of the following considerations: the balance of desirable (benefits) and undesirable consequences (burden, adverse effects and cost) of the intervention, the quality of evidence, patient values and preferences, and feasibility [10] .
A strong recommendation was made for an intervention when the panel was certain that the desirable consequences of the intervention outweighed the undesirable consequences, just as a strong recommendation would have been made against an intervention if the panel was certain that the undesirable consequences of the intervention outweigh the desirable consequences. A strong recommendation indicates that most well-informed patients would choose to have or not to have the intervention.
A conditional recommendation was made for an intervention when the panel was uncertain that the desirable consequences of the intervention outweighed the undesirable consequences, just as a conditional recommendation would have been made against an intervention if the panel was uncertain that the undesirable consequences of the intervention outweigh the desirable consequences. Reasons for uncertainty included low or very low quality of evidence, the desirable and undesirable consequences being finely balanced, or the underlying values and preferences playing an important role. A conditional recommendation indicates that well-informed patients may make different choices regarding whether to have or not have the intervention.
Manuscript preparation
The initial draft of the manuscript was prepared by the co-chairs, methodologists and one panellist (M. Miravitlles). The panel members wrote the content for the online supplement, which was collated and edited by the co-chairs. Both the manuscript and the online supplement were reviewed, edited and approved by all panel members prior to submission.
Results
Should oral corticosteroids be used to treat patients whose COPD exacerbation is mild enough to be treated as an outpatient (i.e. ambulatory patients)? Summary of the evidence We identified three relevant systematic reviews [11] [12] [13] , which identified two trials that evaluated the effects of oral corticosteroids in ambulatory patients having a COPD exacerbation [14, 15] . Our own systematic review identified a third clinical trial [16] . These three trials in a total of 204 patients informed the Task Force's judgments [14] [15] [16] . The first trial enrolled 27 ambulatory patients who were having a COPD exacerbation, defined as subjective worsening of baseline cough or dyspnoea for more than 24 h, requiring a hospital visit, and at least one of the following: a 25% increase in β-agonist use, increased sputum production or increased sputum purulence [15] . The patients were randomly assigned to receive a tapering dose of prednisone or placebo for 9 days and followed for 14 days following the completion of the tapering dose. The second trial enrolled 147 patients who were being discharged from the emergency room after being seen for a COPD exacerbation, defined as having at least two of the following: a recent increase in breathlessness, sputum volume or sputum purulence [14] . The patients were randomly assigned to receive either 40 mg of oral prednisone or placebo for 10 days and then followed for 30 days from the initiation of treatment. The most recent trial randomly assigned 30 ambulatory patients who were having a COPD exacerbation to receive 30 mg of oral prednisolone or placebo for 14 days and then followed during the treatment course only [16] .
The Task Force identified four outcomes a priori as critical to guiding treatment recommendations: treatment failure (composite of unscheduled visit to the physician, return to the emergency department because of worsening respiratory symptoms, hospitalisation or unmasking of study medication due to worsening respiratory symptoms), hospital admissions, mortality and time to next COPD exacerbation. Change in quality of life and serious adverse events were considered "important" outcomes to guide treatment recommendations.
When the data were pooled via meta-analysis (see evidence profile 1 in the online supplementary material), oral corticosteroids caused a trend toward fewer hospital admissions (7 
Benefits
Oral corticosteroids improved lung function in ambulatory patients having a COPD exacerbation. There was also a trend toward fewer hospitalisations.
Harms
Various adverse effects were reported in the studies, including seizures, insomnia, weight gain, anxiety, depressive symptoms and hyperglycaemia. However, it is unclear whether the methods used to assess harms were similar across the studies and there were too few serious adverse events reported to adequately evaluate the difference in the risk of harms with oral corticosteroids versus placebo in patients with COPD exacerbations treated in the ambulatory setting.
Other considerations
There was no information in any of the trials regarding the time to next exacerbation and inadequate information to have confidence regarding the effects of systemic corticosteroids on several outcomes considered critical or important to decision making (hospitalisation, mortality and serious adverse events).
Conclusions and research needs
A course of oral corticosteroids for 9-14 days in outpatients with COPD exacerbations improves lung function and causes a trend toward fewer hospitalisations. No effect on treatment failure, mortality or adverse effects has been demonstrated, although there were too few events in the trials to definitively confirm or exclude an effect on any of these outcomes. The Task Force judged that the benefits of oral corticosteroids probably outweigh the adverse effects, burdens and costs, but was uncertain due to its very low confidence in the accuracy of the estimated effects.
Phenotypic identification of responders to oral corticosteroids is an area of research that should be explored. There are some data suggesting that patients with an elevated blood eosinophil count will respond more to oral corticosteroids than patients with a low blood eosinophil count. One randomised trial found that patients whose blood eosinophil count was ⩾2% had greater improvement in their health-related quality of life and faster recovery after receiving oral corticosteroids compared to placebo. In contrast, in patients whose blood eosinophil count was <2% there was a significantly greater improvement in health-related quality of life in patients receiving placebo [17] . Another study pooled data from three randomised trials of patients with a COPD exacerbation and found that systemic steroid-treated patients with a blood eosinophil count ⩾2% have a treatment failure rate of only 11%, compared with a treatment failure rate of 66% among those in placebo arm. However, among patients with blood eosinophils <2%, the rate of failure was 26% with prednisone and only 20% with placebo [18] . Larger randomised controlled trials with stratification by blood eosinophil count are needed. Several studies suggest that an even shorter duration of systemic corticosteroid treatment (e.g. 3 days [19] , 5 days [20] or 7 days [21] ) may be as effective as longer courses in hospitalised patients with exacerbations of COPD; similar studies need to be performed in ambulatory patients. Finally, effectiveness studies conducted in real-life situations should be conducted to confirm the findings of efficacy trials.
What others are saying
The 2010 NICE guidelines [5] concluded that, in the absence of significant contraindications, oral corticosteroids should be used in conjunction with other therapies in all patients admitted to hospital with an exacerbation of COPD and considered in patients in the community who have an exacerbation with a significant increase in breathlessness that interferes with daily activities. The 2014 Global Initiative for Chronic Obstructive Lung Disease (GOLD) strategy document [22] concluded that "systemic corticosteroids are beneficial in the management of COPD. They shorten recovery time, improve lung function and hypoxemia, and may reduce the risk of early relapse, treatment failure, and length of hospital stay. A dose of 30-40 mg prednisone per day for 5 days is recommended".
ERS/ATS recommendation
For ambulatory patients with an exacerbation of COPD, we suggest a short course (⩽14 days) of oral corticosteroids (conditional recommendation, very low quality of evidence).
Remarks
The Task Force defines a short course of oral corticosteroids as ⩽14 days.
Values and preferences
This recommendation places a high value on a reduction in treatment failure and a lower value on the uncertainty regarding the potential for adverse events.
Should antibiotics be administered to ambulatory patients who are having a COPD exacerbation? Summary of the evidence We identified three systematic reviews [23] [24] [25] , which included four trials that evaluated antibiotic therapy in ambulatory patients with COPD exacerbations [26] [27] [28] [29] . Our own systematic review identified an additional relevant trial that was not included in the published systematic reviews [30] . We pooled two of the five trials [26, 30] that enrolled a total of 483 participants via meta-analysis to inform the Task Force's judgments (evidence profile 2 in the supplementary material). The remaining three trials were excluded because the diagnosis of COPD was inadequately established among patients enrolled [27] , data on treatment failure were measured on day 5 [29] and the panel believed that 5 days are not enough to judge whether an exacerbation has resolved [31] , and publication was as an abstract only [28] .
The Task Force identified a priori six outcomes as critical to guiding treatment recommendations: treatment failure (composite of death, no resolution or deterioration), adverse events, time to next COPD exacerbation, hospitalisation, length of hospital stay and death.
Among the trials that were pooled, one randomly assigned 310 ambulatory patients who were having a COPD exacerbation to receive placebo or amoxicillin/clavulanate for 8 days [30] , while the other randomly assigned 116 similar patients to receive placebo or any one of the following for 7-10 days: trimethoprim/ sulfamethoxazole, amoxicillin or doxycycline [26] . Antibiotic therapy decreased treatment failure (27.9% versus 42.2%; RR 0.67, 95% CI 0.51-0.87); this effect was driven entirely by lack of resolution and deterioration, since no deaths were reported. It also prolonged the time to the next exacerbation (difference of medians 73 days, p=0.015). There was a trend toward more adverse events among patients who received antibiotic therapy (14.6% versus 7.9%; RR 1.84, 95% CI 0.95-3.57), although most of the adverse events were described as mild. Data regarding hospitalisation, length of hospital stay and death were not reported.
Benefits
Antibiotic therapy reduced the risk of treatment failure and increased the time between COPD exacerbations.
Harms
Patients who received antibiotic therapy had a trend toward more adverse events, most of which were mild gastrointestinal side effects (e.g. diarrhoea).
Other considerations
In this evaluation of ambulatory exacerbations, there was no information in either trial about several outcomes of interest to the Task Force; specifically, the hospital admission rate, length of hospital stay and mortality.
Conclusions and research needs
The use of antibiotics in ambulatory patients with exacerbations of COPD reduces the treatment failure rate and increases the time to the next exacerbation. However, the majority of patients avoided treatment failure even in the placebo group (58%), suggesting that not all exacerbations require treatment with antibiotics. Effectiveness studies should be conducted in real-life situations to confirm the findings of efficacy trials. Identifying biomarkers of bacterial infection may allow the patient population that definitively requires antibiotic treatment to be more precisely selected [32] . Additional research is needed to identify patients in whom antibiotic therapy is needed.
What others are saying
The 2010 NICE guidelines [5] advise that antibiotics should be used to treat exacerbations of COPD associated with purulent sputum. However, the recommendation is not specific for ambulatory patients with COPD exacerbations. The 2014 GOLD strategy document [22] states that antibiotics should be given to patients with COPD exacerbations who fulfil certain criteria; again, the recommendation is not specific to ambulatory patients having an exacerbation of COPD.
ERS/ATS recommendation
For ambulatory patients having a COPD exacerbation, we suggest the administration of antibiotics (conditional recommendation, moderate quality of evidence). Antibiotic selection should be based upon local sensitivity patterns.
Remarks
Studies suggest that episodes that present with purulent sputum are most likely to benefit from antibiotic treatment; however, there may be other considerations (e.g. disease severity) when deciding whether or not to prescribe an antibiotic [22] .
Values and preferences
This recommendation places a high value on a reduction in treatment failure and extending the time between exacerbations, and a lower value on avoiding adverse events.
Should intravenous or oral corticosteroids be used to treat patients who are hospitalised with a COPD exacerbation? Summary of the evidence There is evidence supporting the use of systemic corticosteroids in patients with severe exacerbations of COPD treated in the hospital [5, 22] . However, high-dose intravenous corticosteroids for admitted patients with severe exacerbations may not have a higher efficacy than oral corticosteroids and can potentially be associated with a higher risk of adverse events; therefore, we searched for evidence comparing both routes of administration of corticosteroids in this population of patients.
We did not identify any systematic reviews comparing intravenous corticosteroids with oral corticosteroids in hospitalised patients with COPD exacerbations. Our own systematic review identified two trials in a total of 250 patients hospitalised with a COPD exacerbation [33, 34] . One trial randomly assigned 210 hospitalised patients with COPD exacerbations to receive either 60 mg of intravenous prednisolone plus oral placebo or 60 mg of oral prednisolone plus intravenous placebo for 5 days [33] . Both groups received an oral prednisolone taper following the 5 days of full-dose therapy (total duration 10 days). The other trial randomly assigned 40 patients to receive either 32 mg per day of oral methylprednisolone for 7 days or 1 mg·kg −1 per day of intravenous methylprednisolone for 4 days followed by 0.5 mg·kg −1 per day of intravenous methylprednisolone for 3 days (total duration 10 days) [34] .
The Task Force identified a priori five outcomes as "critical" to guiding treatment recommendations: treatment failure (composite of death, admission to the intensive care unit (ICU), readmission to the ICU due to COPD or intensification of pharmacological therapy), mortality, readmission to the hospital, length of hospital stay and time next COPD exacerbation. Adverse events were considered important outcomes to guide treatment recommendations.
When the trial results were pooled (evidence profile 3 in the supplementary material), there were no significant differences in treatment failure (53.5% for intravenous versus 49.6% for oral corticosteroids; RR 1.09, 95% CI 0.87-1.37), mortality (5.5% for intravenous versus 1.7% for oral corticosteroids; RR 2.78, 95% CI 0.67-11.51), hospital readmissions (14.2% for intravenous versus 12.4% for oral corticosteroids; RR 1.13, 95% CI 0.60-2.13), or length of hospital stay (mean difference of 0.71 more days with intravenous steroids than oral steroids, 95% CI ranged from 1.35 fewer days to 2.78 more days). Data regarding time to next exacerbation were not reported in the studies.
One trial demonstrated an increased risk of mild adverse effects in the intravenous corticosteroids group (70% versus 20%; RR 3.50, 95% CI 1.39-8.8) [34] , which were easily treated with appropriate medications. Of note, the intravenous arm used a higher dose of corticosteroids than the oral arm; therefore, it is unknown whether the increased incidence of adverse effects was due to the route of administration or the dose. Neither trial reported any serious adverse effects.
Benefits
Among outcomes that are known to be improved by corticosteroids therapy (i.e. reduced treatment failure), there were no differences between oral and intravenous therapy.
Harms
Only one study (which enrolled a total of 40 participants) reported the frequency of adverse events, which were numerically higher in the group treated with intravenous corticosteroids than with oral corticosteroids (e.g. 11 versus four developed hyperglycaemia and three versus none had worsening of hypertension, respectively) [34] . However, these assessments were not performed masked to treatment assignment and there were too few events to make definitive conclusions about the relative risk of adverse events with either therapy. A large observational study of 80 000 non-ICU patients hospitalised with COPD exacerbations suggests that >90% of practitioners in the USA favour use of intravenous over oral corticosteroids in this population [35] . Interestingly, patients in this study treated with intravenous corticosteroids had a longer length of stay and higher cost compared to those treated with oral corticosteroids, without clear evidence of benefit (assessed using the composite outcome of death, need for mechanical ventilation or 30-day readmission) [36] .
Other considerations
There was no information in either trial about one of the outcomes of interest to the Task Force: the time to next exacerbation. There was a serious risk of bias due to lack of blinding for most outcomes, and the number of events and patients were small for all outcomes; these features decreased the panel's confidence in the estimated effects.
Conclusions and research needs
Treatment failure, hospital readmissions and length of hospital stay are not significantly different among patients who receive oral or intravenous corticosteroids; however, the results indicate that intravenous therapy might increase the risk of adverse effects. No effect on mortality has been shown, although there were too few deaths in the trials to definitively confirm or exclude an effect on mortality. Since the studies did not employ a noninferiority design and the confidence intervals indicated imprecision for both benefits and harms, we cannot conclude that both intravenous and oral corticosteroids confer similar benefits and harms. There is therefore insufficient evidence to support one method of administration over the other. An adequately powered noninferiority trial comparing the relative harms and benefits of intravenous versus oral corticosteroids in this population is needed, particularly given the potential for increasing the length of stay and healthcare costs with intravenous therapy, as observed in the observational study.
What others are saying
The 2010 NICE guidelines [5] did not compare oral and intravenous corticosteroids. The 2014 GOLD strategy document [22] says that the oral prednisolone is preferable.
ERS/ATS recommendation
For patients who are hospitalised due to a COPD exacerbation, we suggest the administration of oral corticosteroids rather than intravenous corticosteroids if gastrointestinal access and function are intact (conditional recommendation, low quality of evidence).
Remarks
Intravenous corticosteroids should be administered to patients who are unable to tolerate oral corticosteroids. Foregoing corticosteroid therapy in patients who cannot tolerate oral therapy is not an option due to the benefits of corticosteroid therapy.
Values and preferences
This recommendation places a high value on the simplicity of providing oral compared to intravenous corticosteroids and the potential to reduce healthcare expenditures with oral therapy, rather than convincing evidence about benefits or harms supporting one form of administration over the other.
Should NIV be used in patients who are hospitalised with a COPD exacerbation associated with acute or acute-on-chronic respiratory failure? Summary of the evidence We identified a systematic review [37] that included 14 randomised trials that evaluated the effects of NIV on patients with acute respiratory failure due to a COPD exacerbation [48] [49] [50] [51] . Our own systematic review identified an additional seven relevant trials [52] [53] [54] [55] [56] [57] [58] . These 21 trials formed the evidence base that was used to inform the Task Force's judgments. Many of the trials excluded patients with any of the following: inability to cooperate, protect the airway or clear secretions; severely impaired consciousness; facial deformity; high aspiration risk; or recent oesophageal stenosis.
The Task Force identified a priori five outcomes as critical to guiding treatment recommendations: death, intubation, length of hospital stay, length of ICU stay and nosocomial pneumonia. Complications of treatment (e.g. aspiration or barotrauma) and pH 1 h after intervention were considered important outcomes.
All of the trials enrolled hospitalised patients with respiratory failure due to a COPD exacerbation. In the overwhelming majority of the studies, the patients had confirmed acute or acute-on-chronic hypercapnic respiratory failure; a few of the studies did not specify that the respiratory failure was hypercapnic. Most the trials compared usual care plus NIV to usual care alone, although a few assigned patients to usual care plus NIV or usual care plus sham NIV. Due to the nature of the intervention, most of the trials were not blinded to the patients, caregivers or assessors.
When the trials were pooled via meta-analysis (evidence profile 4 in the supplementary material), patients who received NIV had a lower mortality rate (7.1% versus 13.9%; RR 0.54, 95% CI 0.38-0.76), were less likely to require intubation (12% versus 30.6%; RR 0.43, 95% CI 0.35-0.53), had a shorter length of hospital stay (mean difference 2.88 days fewer, 95% CI 1.17-4.59 days fewer) and ICU stay (mean difference 4.99 days fewer, 95% CI 0-9.99 days fewer) and had fewer complications of treatment (15.7% versus 42%; RR 0.39, 95% CI 0.26-0.59). There was no difference in the pH after 1 h (mean difference 0.02, 95% CI 0.01-0.06). When we repeated the analyses using only the studies that had confirmed acute or acute-on-chronic hypercapnic respiratory failure, the results were essentially the same.
Benefits NIV reduced the need for intubation, mortality, complications of therapy, and length of both hospital stay and ICU stay in patients with acute or acute-on-chronic respiratory failure due to a COPD exacerbation.
Harms
There were no reports of adverse consequences; to the contrary, complications of therapy were reduced in patients who received NIV.
Other considerations
Most of the trials had a serious risk of bias due to uncertain allocation concealment and lack of blinding. For some outcomes, the estimated effects were inconsistent across studies or the number of events and patients were small, diminishing confidence in the estimated effects. Similarly, one of the outcomes of interest, the rate of nosocomial pneumonia, could not be assessed because the data were either not reported or incompletely reported. These considerations contributed to grading the quality of evidence as low.
Conclusions and research needs
Use of NIV in patients with acute or acute-on-chronic respiratory failure due to a COPD exacerbation reduces the need for intubation, mortality, complications of therapy, length of hospital stay and length of ICU stay. Future research will determine strategies for optimising the delivery of NIV, including the optimal technique and interface type selection. We need studies to address how to titrate and wean patients from NIV ventilation, and how to better determine which physiological effects should be expected during the application of NIV that predict treatment success or failure. The efficacy of home NIV in patients following a COPD-related hospitalisation when NIV was utilised to treat acute-on-chronic respiratory failure is also an area that requires additional study. Recent data have reported conflicting outcomes regarding home NIV in the severe COPD outpatient population [59] [60] [61] [62] . Effectiveness studies should be conducted in real-life situations to confirm the findings of efficacy trials. Other research opportunities are related to decision-making about whether or when to intubate or not, as well as the use of NIV by healthcare providers, patients and family members.
What others are saying
The 2010 NICE guidelines [5] did not discuss the use of NIV in COPD exacerbations. In the 2004 NICE guidelines, however, it was stated that NIV should be used as the treatment of choice for persistent hypercapnic ventilatory failure during exacerbations despite optimal medical therapy. The 2014 GOLD strategy document [22] states that, in patients with acute respiratory failure due to a COPD exacerbation, NIV improves respiratory acidosis and decreases the intubation rate, mortality, respiratory rate, severity of breathlessness, complications (e.g. ventilator-associated pneumonia) and length of hospital stay. They recommend the use of NIV in patients with 1) respiratory acidosis or 2) severe dyspnoea with clinical signs suggestive of respiratory muscle fatigue, increased work of breathing, or both, such as use of respiratory accessory muscles, paradoxical motion of the abdomen or retraction of the intercostal spaces.
ERS/ATS recommendation
For hospitalised patients with acute or acute-on-chronic hypercapnic respiratory failure due to a COPD exacerbation, we recommend the use of NIV (strong recommendation, low quality of evidence).
Remarks
The strong recommendation despite the panel's low confidence in the estimated effects reflects the panel's consensus opinion that the overwhelming majority of patients would want NIV given the possibility of one or more important clinical benefits with minimal risk of harm. Many of the trials excluded patients with any of the following: inability to cooperate, protect the airway or clear secretions; severely impaired consciousness; facial deformity; high aspiration risk; or recent oesophageal stenosis.
Values and preferences
This recommendation places a high value on reducing mortality and the need for invasive mechanical ventilation, and lower value on the burdens associated with NIV.
Should a home-based management programme (hospital-at-home) be implemented in patients with COPD exacerbations? Summary of the evidence A home-based management programme involving nurses and potentially other healthcare professionals (e.g. physicians, social workers and physical therapists), also known as "hospital-at-home", offers the option of an early assisted hospital discharge or an alternative to hospitalisation in patients presenting to the emergency department with a COPD exacerbation. Clinical trials have compared home-based management to usual care in patients with COPD exacerbations who meet other additional eligibility criteria (e.g. no impairment of consciousness, decompensated heart failure or other acute condition, or need for mechanical ventilation). We found a systematic review [63] that included eight relevant trials [64] [65] [66] [67] [68] [69] [70] [71] . Our own systematic review identified one additional trial [72] . These nine trials formed the evidence base that was used to inform the Task Force's judgment. All of the trials enrolled patients who presented with COPD exacerbations; five trials evaluated hospital admission versus discharge to a hospital-at-home from the emergency department [65-67, 69, 70] , three trials assessed ongoing hospital admission versus discharge to a hospital-at-home following an initial hospitalisation [64, 71, 72] and in one trial, the setting of the discharge could not be determined [68] . Four trials were conducted in the UK [64, 65, 69, 71] , four trials were conducted in other European countries [66, 68, 70, 72] and one trial was conducted in Australia [67] .
The Task Force identified a priori three outcomes as critical to guiding treatment recommendations: death, hospital readmission and time to first readmission. Hospital-acquired infections and quality of life were considered important outcomes.
When the trials were pooled via meta-analysis (evidence profile 5 in the supplementary material), home-based management reduced hospital readmissions (26.8% versus 34.2%; RR 0.78, 95% CI 0.62-0.99) and was associated with a trend towards lower mortality (5.6% versus 8.5%; RR 0.66, 95% CI 0.41-1.05). There was no difference in the time to first readmission (mean difference of 8 days longer among patients in the home-based management group, 95% CI 19.7 days longer to 3.7 days shorter). No data were reported on hospital-acquired infections or quality of life.
The Task Force raised the possibility that a home-based management may have different effects among patients who are discharged from the emergency department compared to patients who are discharged following an initial hospitalisation. To address these concerns, a post hoc stratified analysis was performed (evidence profile 5); the results of these analyses did not provide convincing evidence to indicate differential effects among patients discharged from different locations or to exclude the possibility of heterogeneity of treatment effects.
Benefits
Utilisation of a home-based management model reduced the number of hospital readmissions and, possibly, mortality in patients with COPD exacerbations.
Harms
Adverse events were not an outcome reported in any of the included trials; therefore, there exists no data regarding the potential harms of the home-based management model.
Other considerations
For most of the outcomes, the number of events and patients in the trials were small, diminishing confidence in the estimated effects. There was no information reported for one outcome of interest to the Task Force, the rate of hospital-acquired infections. In addition, there was insufficient information to draw conclusions regarding another outcome of interest, quality of life (i.e. among the three trials that reported quality of life, one did not provide standard deviations, another only provided St George's Respiratory Questionnaire scores for a subgroup of participants and a third measured generic health-related quality of life using the EuroQoL-5D scale). Moreover, the eligibility criteria varied across studies and the capacity of health systems to deliver home-based care for this population may vary. There is also a large geographical variability in their availability. Studies are also needed to identify the components of home-based COPD care required for benefit and how such requirements may vary based on the variable contexts in which patients live.
Although not pre-specified by the Task Force as outcomes of interest, it is worth noting that four trials reported costs, and three reported patient and provider satisfaction. Among the trials that evaluated costs, two found lower costs for hospital-at-home programmes [67, 70] , one found a trend toward lower costs [66] and one found no difference [73] . Among the three trials that evaluated patient and provider satisfaction, all reported no differences [69, 70, 74] . While no differences in overall satisfaction were found, the majority of patients indicated that they would prefer home treatment if they were allowed to choose.
Conclusions and research needs
The home-based management programme model in patients with a COPD exacerbation reduces hospital admissions, making it a safe and effective way of discharging patients with additional home-based support in appropriately selected patients. This may increase the availability of hospital beds and reduce pressure on clinicians to discharge patients whose readiness is uncertain. The home-based model might also reduce mortality; however, there were too few deaths in the trials to definitively confirm or exclude an effect.
One of the major research needs for home-based management is the development of algorithms to screen patients to determine which are or are not appropriate for home-based care. Some studies suggest that home treatment of COPD exacerbations should be considered in all patients unless there are mental status changes, confusion, hypercarbia, refractory hypoxaemia, serious comorbid conditions or inadequate social support. However, these criteria need to be evaluated prospectively to define the most appropriate selection criteria. The feasibility of home-based administration of medications for COPD exacerbations (i.e. systemic corticosteroids, antibiotics, nebulised bronchodilators and supplemental oxygen) may vary by patient characteristics (e.g. ability to carry out activities of daily living and level of social support), or by the capacity of the health system or home health agency. Studies are needed to define the patient selection criteria and key elements of the home-based programme (e.g. nurse or inter-professional teams that include a physician, respiratory therapist or social worker; treatment plan at home; criteria for treatment failure at home; and need for hospitalisation). Finally, studies are needed to prospectively evaluate the potential for heterogeneity of treatment effects according to whether the home-based management programme is intended to avoid a hospitalisation or to facilitate early discharge from the hospital to home. Many of these studies may be best conducted as effectiveness studies in real-life situations; at a minimum, effectiveness studies should be conducted to confirm the findings of efficacy trials.
What others are saying
The 2010 NICE guidelines [5] did not include a section on home-based management of patients with COPD exacerbations, but referred to it briefly as something that respiratory nurse specialists might be involved in. The 2014 GOLD strategy document [22] stated that "hospital at home represents an effective and practical alternative to hospitalisation in selected patients with exacerbations of COPD without acidotic respiratory failure. However, the exact criteria for this approach as opposed to hospital treatment remain uncertain and will vary by healthcare setting. Treatment recommendations are the same for hospitalised patients".
ERS/ATS recommendation
For patients with a COPD exacerbation who present to the emergency department or hospital, we suggest a home-based management programme (hospital-at-home; conditional recommendation, moderate quality of evidence).
Remarks
Appropriately selected patients may include those who do not have acute or acute-on-chronic ventilatory respiratory failure, respiratory distress, hypoxaemia requiring high-flow supplemental oxygen, an impaired level of consciousness, cor pulmonale, a need for full-time nursing care, other reasons for hospitalisation (e.g. myocardial ischaemia), housing or food insecurity, poor social support, or active substance abuse.
Values and preferences
This recommendation places a high value on reducing hospital readmissions, improving patient safety and potentially also decreasing mortality, and a lower value on the burdens of caring for acutely ill patients at home.
Should pulmonary rehabilitation be implemented in patients hospitalised with a COPD exacerbation? Summary of the evidence We identified a systematic review [75] that included nine trials that randomly assigned hospitalised patients with COPD exacerbations to early pulmonary rehabilitation plus usual care or usual care alone [76] [77] [78] [79] [80] [81] [82] [83] [84] . The pulmonary rehabilitation programmes all included physical exercise that was initiated within 3 weeks of initiating treatment for a COPD exacerbation treatment; in five trials, pulmonary rehabilitation was initiated https://doi.org/10.1183/13993003.00791-2016during the hospitalisation [76, 78, 79, 82, 84] and, in three trials, pulmonary rehabilitation was initiated following discharge [80, 81, 83] . We excluded one of the trials because the patients had already completed a pulmonary rehabilitation programme in the past and the trial assessed a repeat programme [77] .
Our own systematic review identified five additional relevant randomised trials [85] [86] [87] [88] [89] , with two studies enrolling hospitalised patients [88, 89] and three studies enrolling patients up to 8 weeks after hospital discharge [85] [86] [87] . Each trial implemented pulmonary rehabilitation differently: health education and exercise training, beginning within 2 months following hospital discharge [85] ; training in breathing techniques and physical exercise, beginning 2-3 weeks after hospital discharge [86] ; strength and aerobic exercise training, chest physiotherapy for secretion drainage, breathing retraining, nutrition and psychosocial support, beginning within 2 weeks after discharge [87] ; twice-daily exercise training of varying intensity, initiated during hospitalisation [88] ; and progressive strength and aerobic exercise, initiated within 48 h of admission [89] .
These 13 trials formed the evidence base used to inform the Task Force's decisions. The Task Force identified a priori three outcomes as critical to guiding the formulation of treatment recommendations: death, hospital readmission and quality of life. Exercise capacity was considered an important outcome.
Pooling the trials via meta-analysis (evidence 2 =70% for quality of life and I 2 =97% for exercise capacity). With respect to mortality, we excluded one trial from the mortality analysis because the panel decided that its measurement of deaths in the ICU was potentially misleading [82] ; when the remaining trials were pooled, there was no significant difference among those who did or did not receive pulmonary rehabilitation (19.6% versus 14.1%; RR 1.44, 95% CI 0.97-2.13; I 2 =0% for mortality).
The panel hypothesised that differences in the timing of the initiation of pulmonary rehabilitation may have been the cause of the inconsistent results across trials. To test this hypothesis, a post hoc stratified analysis was performed. Patients who initiated pulmonary rehabilitation during their hospitalisation had increased mortality (23.8% versus 15.6%; RR 1.54, 95% CI 1.03-2.29), increased exercise capacity (mean difference +107.92 m, 95% CI +17.57 m to +198.27 m) and no difference in hospital readmissions (52.9% versus 52.2%; RR 0.88, 95% CI 0.56-1.37), although all outcomes except mortality continued to have serious heterogeneity. The effect of pulmonary rehabilitation initiated after hospital discharge (up to 3 weeks after discharge) on mortality was uncertain due to the wide confidence interval (2.0% versus 7.8%; RR 0.37, 95% CI 0.06-2.29). However, pulmonary rehabilitation initiated after hospital discharge (up to 3 weeks after discharge) reduced hospital readmissions (21.5% versus 46.8%; RR 0.37, 95% CI 0.14-0.97) and improved quality of life (mean difference −11.75, 95% CI −19.76 to −3.75). Similarly, pulmonary rehabilitation initiated after hospital discharge (up to 8 weeks after discharge) increased exercise capacity (mean difference +57.47 m, 95% CI +20.04 m to +94.89 m). Again, all outcomes except mortality continued to have serious heterogeneity. The panel also hypothesised that differences in the way the pulmonary rehabilitation was conducted were responsible for the inconsistent results; however, this could not be tested. It is important to recognise, however, that the inconsistency across trials reflect variable magnitudes of effect (i.e. some studies showed a large benefit while others found a small benefit) and not differences in the direction of the effect.
Four of the trials evaluated adverse outcomes, three of which detected none [76, 78, 80] . The remaining trial reported that six (19%) out of 32 patients had at least one adverse event (two events occurred in two patients in the control group, whereas 11 events occurred in four patients in the exercise groups) [88] . Only one of these adverse events was considered to be serious; a patient in one of the experimental groups had an episode of atrial fibrillation with accompanying chest pain.
Benefits
Pulmonary rehabilitation initiated during hospitalisation increased exercise capacity. Pulmonary rehabilitation initiated within 3 weeks following discharge reduced hospital readmissions and improved quality of life. Pulmonary rehabilitation initiated within 8 weeks following discharge increased exercise capacity.
Harms
Pulmonary rehabilitation initiated during hospitalisation increased mortality. Other serious adverse events occurring during pulmonary rehabilitation were rare.
Other considerations
The reliability of the estimated effects for all outcomes other than mortality is limited by inconsistency across trials in both the primary analysis and the stratified analysis. In addition to inconsistency, confidence in the estimated effects for all other outcomes was reduced because all of the trials had a risk of bias due to uncertain allocation concealment, lack of adherence to the intention-to-treat principle and/ or lack of blinding.
Conclusions and research needs
Pulmonary rehabilitation implemented during hospitalisation increases mortality. Pulmonary rehabilitation implemented within 3 weeks after discharge following a COPD exacerbation reduces hospital admissions and improves quality of life, while pulmonary rehabilitation implemented within 8 weeks after discharge increases exercise capacity. Research is needed to identify the interventions that provide the greatest benefits; some studies suggest that a combination of regular exercise with breathing technique training may be best, but additional investigations are needed. Studies employing methodologies of implementation science (also known as knowledge translation) are needed to test strategies that systematically target barriers and facilitators of integrating pulmonary rehabilitation into the care of patients with COPD exacerbations after hospital discharge.
What others are saying
The 2010 NICE guidelines concluded that "pulmonary rehabilitation should be made available to all appropriate people with COPD including those who have had a recent hospitalization for an acute exacerbation" [5] .
ERS/ATS recommendations
For patients who are hospitalised with a COPD exacerbation, we suggest the initiation of pulmonary rehabilitation within 3 weeks after hospital discharge (conditional recommendation, very low quality of evidence).
For patients who are hospitalised with a COPD exacerbation, we suggest not initiating pulmonary rehabilitation during hospitalisation (conditional recommendation, very low quality of evidence).
Remarks
Early pulmonary rehabilitation refers to a programme that consists of physical exercise and education, which begins within 3 weeks of the start of treatment of the exacerbation. Values and preferences This recommendation places a high value on improving clinical outcomes and a lower value on the burden and cost of pulmonary rehabilitation.
Summary
The Task Force utilised comprehensive evidence syntheses to inform its judgments regarding the balance of benefits versus burdens, adverse effects and costs; the quality of evidence; the feasibility; and the acceptability of various interventions for COPD exacerbations. A strong recommendation was made for NIV in patients with acute hypercapnic respiratory failure. Conditional recommendations were made for oral corticosteroids in outpatients, oral rather than intravenous corticosteroids in hospitalised patients, antibiotic therapy, home-based management of appropriately selected patients, and initiation of pulmonary rehabilitation within 3 weeks of hospital discharge (table 1) . A conditional recommendation was made against the initiation of pulmonary rehabilitation during hospitalisation. The systematic review and GRADE methodology we employed for this ERS/ATS guideline indicated, in several instances, a sparse evidence base. In such cases, we recommend more definitive studies. These recommendations should be reconsidered as new evidence becomes available.
